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Energy Use and Appliance Ownership in Ireland 1. Introduction
The demand for domestic energy is determined by the number of households and certain household characteristics such as the extent to which they employ energyusing appliances and energy-saving features. This paper investigates the determinants of appliance ownership in Ireland. Conditional on appliance ownership, and other household characteristics, we explore the factors which influence energy use in the home, be it derived from electricity or other fuels. In addition, we look at the features of energy use which either enhance or inhibit the amount of useful heat which can be generated in the home.
Since the early 1990s Ireland has experienced rapid economic and demographic change, which in turn has affected domestic energy demand. Between 1990 and 2006 residential energy use increased by over 32 per cent, meaning that household energy demand accounted for almost a quarter of all energy consumed in Ireland in 2006 (O'Leary et al., 2008) . The demand for energy-using appliances increased substantially as Ireland's economy and population grew. Of the ten appliances studied in this paper the greatest demand increases between 1994 and 2004 were for home computers, dishwashers, tumble dryers, and microwaves. Over the period 1996 to 2006, the average floor space of Irish houses has increased by 170 square feet according to data collected for the permanent tsb / ESRI House Price Index (Duffy, 2009 ). Larger houses have higher space-heat requirements and higher heat losses due to their proportionally greater surface area (O'Leary et al., 2008) .
The topic of household energy use has attracted continuing research interest, including several recent contributions. A UK-based study carried out by Druckman and Jackson in 2008 finds that household energy use and associated carbon emissions are strongly, but not exclusively, related to income levels. The type of dwelling, tenure, household composition, location and socio-economic characteristics of the residents are also extremely important. Baker and Rylatt (2008) analysed gas and electricity consumption and identified the most statistically significant indicators to be the number of bedrooms and regular home working.
Appliance ownership in the US was studied by Dale et al. (2009) . They found that the demand for appliances had increased because the real prices of the appliances included in their study (room and central air conditioners, refrigerators and clothes washers) had decreased over time. The authors attribute this trend to efficiency enhancing technologies, declining price cost margins (mainly because of firm rivalry) and economies of scale associated with higher efficiency appliances. O'Doherty et al. (2008) model the determinants of energy usage and energy-saving features in Ireland. They find that respondents living in newer, detached homes, households with high income levels and home owners are more likely to have a higher number of energy-saving features in their home but they are also more likely to have a higher number of energy-using appliances. Other factors such as the length of time a household has been resident at its current address, respondent age and tenure type were also found to be significant. However, O'Doherty et al. (2008) do not have data on actual energy use. This is the main advantage of the current paper.
Another recent paper focusing on household energy demand in Ireland is Scott et al. (2008) , which uses CSO data on households' energy expenditures, socio-demographic characteristics, main heating appliances and self-reported deprivation to cast light on the extent and determinants of fuel poverty.
In this study we use a large household micro-dataset with which we can estimate models of appliance ownership, electricity use, energy use from other fuels and useful heat in Irish households. We find that similar sets of factors are associated with owning various energy-using appliances; in particular, household disposable income, the number of rooms and the number of people living in the accommodation, tenure and age and education level of the household's chief economic supporter (CES). We also find that while households with higher income levels, accommodation with 8 or more rooms and homes located in urban areas are more likely to own energy intensive devices, they are also more likely to invest in double glazed windows. The opposite is the case for very old accommodation, those in rented accommodation of any description or households where the CES is over 75 years of age. The second part of the paper reveals that many of the factors which affect appliance ownership are also important for the amount of energy used and useful heat generated in the home. The appliances which significantly increase electricity use are deep freezers, tumble dryers, dishwashers, fridge-freezers and vacuum cleaners. We find, however, that the methods of cooking and space and water heating employed in the home are more important for energy use and useful heat than electrical appliances.
The paper is build-up as follows. Section 2 presents the data and Section 3 the estimated models. Section 4 discusses the results. Section 5 concludes.
Data
The main dataset used for this study was the anonymised 2004/05 Household Budget Survey (HBS), which is a survey of a representative sample of all private households in Ireland. Carried out by the Central Statistics Office, the aim of the HBS is to determine current household expenditure patterns. In 2004/05 6,884 households participated in the survey.
The questions asked in the HBS are not sufficient to explain every aspect of household energy usage. Such a study would require more extensive details on efficiency of individual households' appliances and the frequency with which they are used. However, we can model appliance ownership and examine which appliances, heating and cooking methods significantly influence the amount of energy or electricity used in the home. The survey asks about the presence of the following items: washing machine, dishwasher, fridge, deep freezer, fridge-freezer, microwave oven, vacuum cleaner, tumble dryer, video player/recorder, portable television, home computer and CD player. Because CD players, video players/recorders and portable televisions account for only a very small percentage of household electricity/energy use, these appliances are omitted from our analysis.
The first step in this paper is to investigate the determinants of household appliance ownership. Since our dependent variable is discrete (i.e. appliance ownership versus non-ownership), we use a logit estimator. Along with appliance ownership we also examine the factors affecting the presence of double glazed windows. Thus, we can determine if those households which own high energy-using appliances are more or less likely to invest in double glazing. Unfortunately, the data do not allow us to examine any other energy-saving features which may be present in the home. 1
The second part of the analysis involves estimation of OLS regression models to explain household energy and electricity use conditional on appliance ownership (and a range of other household characteristics). According to O'Leary et al. (2008) , 49% of household energy expenditures relate to heating and cooking. We were interested in further investigating this claim, so, we include methods of space heating, water heating and cooking in the analysis. As previously mentioned, we do not know the frequency or intensity with which households use the appliances, cooking or heating methods included in the study, nor do we know when a household has more than one appliance of a given class. It is likely that the amount of energy used by each of the appliance types and cooking and heating methods would vary widely. The partial effects reported in our models therefore refer to the average usage of households that own a given appliance.
For comparison, we also report results from a model of energy usage that omits appliance ownership variables. We use this to illustrate the risk of misspecification that arises when modelling energy without taking into account the endowment of energy-using appliances.
A list of the variables included in the models and some descriptive statistics on them are set out in Table 1 .
[ Table 1 about here]
Models
Each of the appliance ownership models has a dependent variable representing access to a particular appliance. This is set to a value of one when the appliance (or double glazing) is present in the household, and a value of zero when it is not. The models use a logit estimator to predict whether a given household will own certain electrical appliances based on a number of household characteristics including location (Dublin vs. the rest of the country, urban vs. rural), age and type of accommodation, number of rooms and number of residents. We also include tenure, family composition, quarter in which survey took place, and several characteristics of the household's Chief Economic Supporter (CES): 2 social group, employment status, highest level of education achieved and age. For each categorical explanatory variable there is a reference category, which is, in essence, a baseline against which households with different characteristics may be compared. The results are presented in terms of odds ratios which reflect the odds that a household with a given characteristic will own a certain appliance, relative to a household in the reference category. An odds ratio of 1 indicates that households with that characteristic are equally likely to own the appliance as those in the reference category. An odds ratio greater than 1 indicates a higher probability of ownership, while a ratio below 1 indicates that the probability of ownership is lower.
For each appliance, we run a logit model including all available variables and then, using the stepwise approach, we estimate a more parsimonious "preferred" model which omits explanatory variables that are not significant. The results of the preferred models are discussed in section 4.
The energy use / useful heat 3 models are OLS regressions analysing those appliances, heating and cooking methods that significantly impact on domestic energy use from electricity and other fuels, after controlling for other household characteristics. Three sets of analyses are carried out in which the dependent variables are 1) total energy use from electricity, 2) total energy use from other fuels and 3) total useful heat from other fuels. Two versions of each OLS model are estimated, the first of which includes all available variables. We then test for joint significance of all variables that appear individually insignificant, generating more parsimonious "preferred" models.
For each of the three explanatory variables, the coefficient of determination in the preferred model did not differ significantly from that of the model with all available variables. Because there are a large number of variables in our sample we were conscious of the possible presence of multicollinearity. Having examined the correlations between individual variables, we are satisfied that multicollinearity is not a problem in the data. The results are discussed in the next section.
Results

Appliance ownership models
The results of the appliance ownership regressions will be presented first, and they are shown in Table 2 below. Due to the large size of our models, only those variables that are statistically significant will be discussed.
[ Table 2 about here]
Fridge-freezer
Urban dwellers are 24% more likely to own a fridge-freezer than rural dwellers while homes in rural areas more likely to have fridges and/or deep freezers. 3 and 4 roomed homes are less likely than the reference category to have a fridge-freezer, as is accommodation with at least 8 rooms. Instead, homes with more rooms appear more likely to own a fridge and/or deep freezer. Homes built since 1991 have higher odds of owning a fridge-freezer than the reference category, which spans the period 1918-1960. Semi-detached/terraced houses and "other" homes are almost 1.5 and 2.5 times respectively more likely to have fridge-freezers than detached homes. Those living in one-person households have lower odds of fridge-freezer ownership, as do part-time workers and those with no education or primary school education only. Both fridgefreezers and fridges are now considered to be necessary items and either one or both of these are found in 99.64% of homes. As a result, the log of household disposable income was not significant for either of these appliances.
Refrigerator
While living in the south west, mid west, south east or mid east excluding Dublin decreases the odds of owning a fridge-freezer, it increases the odds of fridge ownership by over 50%, relative to the reference group. A similar trend was observed for accommodation with 3 rooms or at least 8 rooms. Homes built before 1918 are also more likely to own a fridge than a fridge-freezer and people with only a primary education are more likely to buy fridges than fridge-freezers. Conversely, residents of semi-detached/terraced houses and those living in the "other" accommodation category have reduced odds of owning a fridge compared to those living in detached houses.
The only social group with a significant coefficient is the "unskilled and agricultural workers" who are 30% more likely to own fridges than their employers/managers and professional counterparts. The only age group which proved statistically significant for fridge ownership was the 25-34 year old cohort. They are less likely than their seniors in the reference group to buy fridges. Employment status, income, tenure and household composition did not prove to be important indicators of fridge ownership.
Washing Machine
The odds of owning a washing machine are 83% higher for those in urban areas than those in rural areas. All of the "rooms" variables proved to be significant indicators of ownership. Homes with fewer than 5 rooms have low odds of owning a washing machine but those with 6, and especially, 7 or 8 or more rooms are significantly more likely to have washing machines than the reference category. The odds of ownership are reduced for those living in accommodation which was built before 1918, as is the case for one-person households, retired people and those aged over 75.
"Unskilled and agricultural workers" is the only social group showing a significant effect and is almost 44% less likely to own a washing machine than the corresponding reference group. Also, those with no formal education or primary education only are 84% and 36% respectively less likely to own washing machines than those who have completed the leaving certificate. Those with mortgages are more than 3 times as likely as those who own their homes outright to have a washing machine. As expected, the log of household disposable income is another important variable, indicating that as income rises, the odds of owning a washing machine increase.
Vacuum Cleaner
As was the case for washing machines, the odds ratio on "urban" is positive and significant. The "rooms" variables also follow a similar pattern to that of the washing machine analysis. However, the effect is not as strong for vacuum cleaners. Those homes built before 1918 are more than one third less likely than the reference group to have invested in vacuum cleaners while those living in accommodation built between 1971 and 1980 or between 1991 and 2000 are about twice as likely as the reference group to own vacuum cleaners. Residents of converted apartments and semidetached/terraced houses are much more likely to own vacuum cleaners than those living in detached houses.
Those renting, either from local authorities or privately, are significantly less likely to invest in vacuum cleaners than those who own their homes, perhaps because of income constraints or due to their expected length of stay. Interestingly, households with 8 or more people are over 70% less likely to buy vacuum cleaners than twoperson households. This variable may be capturing very large families who need to direct their expenditure towards other, more urgently required items. The "family with children" variable reinforces this view, with the probability of owning a vacuum cleaner being one third lower than that of households without children. Those with no formal education are 83% less likely and those with primary education only are over 65% less likely than the reference group to own vacuum cleaners, most likely because education is closely correlated with income.
A household whose CES is aged between 15-24 or 25-34 has lower odds of owning a vacuum cleaner than the corresponding 35-44 year old reference category.
Households where the CES is aged 45 or older have higher odds of owning a vacuum cleaner but not significantly so. This could reflect different preferences or income constraints on behalf of younger consumers. Again, the log of disposable income is significant and positively affects vacuum cleaner ownership.
Microwave
Living in an urban area or accommodation with 6 or more rooms increases the odds of microwave ownership relative to the corresponding reference groups. Houses with fewer rooms have lower odds of microwave ownership. Accommodation built before 1918 is over 43% less likely to have a microwave than that built between 1918 and 1960. Conversely, homes built more recently than those in the reference group have higher odds of microwave ownership but only one category is significant; 1971-1980.
Residents of semi-detached/terraced houses and mortgage holders are both 32% more likely to have microwaves than those in the relevant reference groups.
The probability of having a microwave in a one-person household is 37% lower than that of two-person households. However, the odds are also low for large households and significantly so for those households with 8 or more people. The only social group of significance is "own account workers and farmers" whose odds of microwave ownership are over 30% lower than that of the reference group. For those households whose CES has only a primary education, the probability of owning a microwave is low relative to those who have completed the leaving certificate. As previously stated, this could be because low levels of education are linked to low levels of income. In contrast to this, however, are households whose CES has a primary or higher degree. Here, the odds of ownership are also lower than they are for those in the leaving certificate category.
"Own account workers and farmers" is the only social group with a significant coefficient, but for members of this group, the probability of microwave ownership is reduced by over 30%. The results suggest that microwaves are much more popular among households whose CES is younger than that of the reference category. A CES aged between 15 and 24 is almost 60% more likely to own a microwave than the reference group while for those in the 25-34 group, the probability is 36% higher. The odds ratio for the log of household disposable income is as expected. As income increases, so too does the probability of ownership, however, the effect is weaker than it is for some of the bigger, more expensive, electrical appliances.
Tumble Dryer
Living in Dublin reduces the odds of having a tumble dryer by almost 46%, relative to the reference group. However, when we take the entire country into account, the odds of owning a washing machine are 25% higher in urban areas than in rural areas.
Homes with 6 or 7 rooms are significantly more likely to own a tumble dryer than the reference category while homes with at least 8 rooms are over twice as likely.
Respondents living in accommodation with 3 or 4 rooms have significant but lower odds of owning a tumble dryer than those from 5 roomed homes. The probability of owing a tumble dryer for those living in accommodation built post 2000 is 57% higher than the reference group.
Residents of bedsitters are over 3.7 times more likely to own a tumble dryer than those in a detached house, probably because they have no garden in which to line dry their clothes. A similar but weaker trend was observed for those living in converted apartments or apartment blocks. Those in rented accommodation of any description are less likely than home owners to own a tumble dryer. As previously stated, tenants may be less likely to invest in appliances because they cannot afford to or because they believe that their stay is short-term in nature.
The odds of ownership in a one-person household are low, however, as the number of people in a household increases, so too does the probability of ownership. Having children in a family increases the likelihood that a tumble dryer will be present in the household by 32%. A household whose CES has a primary education only are less likely to own tumble dryers than the reference group, probably because of income constraints. Interestingly, those in the primary degree category are also less likely to be owners of tumble dryers. Households where the CES is 75 or over are more than a third less likely than the reference category to own tumble dryers. This may be because over 75s are likely to live in one-or two-person households where the demand for a tumble dryer tends to be low. It could also be due to income constraints.
The 25-34 year old group was also seen to have reduced odds of tumble dryer ownership relative to the reference group. As expected, the log of household disposable income was highly significant and positive.
Dishwasher
Those living in urban areas are 30% more likely than their rural counterparts to own a dishwasher while the odds of ownership are also high for those located in the south west, south east, mid west or mid east excluding Dublin. The results for the room variables echo those of appliances already discussed. For homes with at least 8 rooms, however, the effect is stronger in this case than it is for any other appliance. Homes built in the 1960s, 1980s, 1990s and especially those built since 2000 are all more likely to have dishwashers than those in the reference category.
Those living in semi-detached/terraced houses are 24% less likely to own a dishwasher than residents of detached houses. This could be due to space or income constraints. As was the case for other appliances, those in rented accommodation, one-person or single parent households have a significantly lower probability of owning a dishwasher than their corresponding reference categories. Five-and sixperson households are 50% and 60% respectively more likely to own dishwashers than two-person households.
The demand for dishwashers is also higher among families with children. All social groups have lower odds of owning a dishwasher than the employers, managers and professionals group, although, not all are significant. The primary education variable again reduces the odds of ownership because it is closely correlated with earnings.
Households whose CES is aged between 25 and 34 or over 75 are significantly less likely than the reference group to own a dishwasher but the 55-64 year olds are 27% more likely to invest in one. The income effect is stronger for dishwashers than it is for any other appliance.
Deep Freezer
A deep freezer is convenient for those who wish to store a lot of food, either because they have large families or because access to fresh food on a regular basis is difficult.
Our location variables indicate that deep freezers are significantly more likely to be found outside of Dublin and in rural areas. Houses with 6, 7, 8 or more rooms are more likely to own a deep freezer than the reference category, probably because the number of rooms and number of people are correlated.
Deep freezers were at their most fashionable in the 1970s so, it is not surprising that houses built between 1971 and 1980 are significantly more likely to have them than the reference category. Semi-detached/terraced houses have lower odds of owning a deep freezer than detached houses. Again, a lack of extra space could be one of the reasons for this. Both mortgage holders and tenants are less likely than outright owners to possess a deep freezer. This may be because of income constraints on behalf of these groups or the declining size of families. As the number of people living in a household increases, so too does the probability of ownership, however, families with children have reduced odds of owning a deep freezer.
The age effects on dishwasher ownership are almost identical to those of tumble dryers. Households whose CES is aged 75 or over are unlikely to be owners of deep freezers, probably because most over 75s live in households with few people so the need for a deep freezer would be limited. As expected, income is an important predictor of deep freezer ownership but the effect is weaker than that of all appliances discussed thus far. Nevertheless, a household whose CES is unemployed is 40% less likely to have a deep freezer than one whose CES is in employment.
Home Computer
Home computers are more likely to be found in urban areas than rural areas but the effect is weaker here than it is for any other appliance. 4 roomed homes or homes built before 1918 are less likely than their corresponding reference groups to have computers. Homes built more recently than 1960 are more likely to have computers but only the 1971-1980 category is significant. Residents of rented accommodation, either private or local authority, are less likely to own computers than those who own their homes outright. As expected, one-person households had lower odds of owning a home computer than the reference category. However, three-, four-, five-, six and seven-person households all had a significantly higher chance of owning a computer.
The "non manual" and "manual skilled/semi skilled" social groups were both significantly more likely than the reference group to own a home computer. This may be because they do not have access to a computer at work, unlike the reference group.
It was not surprising to discover that students are almost 2.5 times as likely as the reference group to own computers. This is most likely because of homework and study requirements. Own account workers and farmers were 28% less likely to have a home computer than the reference group. As expected, households whose CES is unemployed are significantly less likely to have a computer in the home than the reference group while households where the CES is retired are 1.6 times more likely to have a computer. This is plausible as retired people cannot access a computer through place of work.
The primary education variable is again significant and reduces the probability of computer ownership relative to that of the reference group. Interestingly, those households whose CES has a primary degree or higher degree are 16% and 40% respectively less likely to have a computer in the home than those with a leaving certificate education. Perhaps the more highly educated have access to computers through other channels and therefore do not need to privately invest in one.
Households in which the CES is younger than that of the reference category are less likely to have a computer at home. However, as age increases, so too does the probability of ownership but only to a certain point. For those in the 65-74 and 75+ groups, the odds of computer ownership decrease again. This is an interesting result in light of what was observed for the retired members of our sample. As expected, the log of household disposable income plays an important role in predicting home computer ownership. However, its effect is weaker than it is for any other appliance included in the analysis.
Double Glazing
Over 77% of the sample reported having double glazing somewhere in their home.
We include this variable in an attempt to establish whether those respondents who report owning energy intensive appliances have invested in any energy efficiency measure. We would like to investigate other energy-saving features such as the presence of a lagging jacket or attic insulation, but, unfortunately, these data do not allow for this.
The odds of having double glazing are higher for those living in areas outside of Dublin, relative to the reference group. However, when the whole country is taken into account, urban dwellers are 25% more likely to invest in double glazing than their rural counterparts. It is more probable that double glazing will be present in accommodation with 6 or more rooms, compared to the reference category. The more recently built the home, the higher the chance of double glazing being present. In fact, those homes built since 2000 are over nine and a half times more likely to have double glazing than homes built between 1918 and 1960.
Local authority housing and rented accommodation is less likely to have double glazing, as would be expected. It is often the case that owners do not invest in energysaving measures unless they are living in the residence themselves. Families with children are more inclined to invest in double glazing while the opposite was the case for single parents, although this was not significant. Other significant but negative predictors of investing in double glazing were own account workers and farmers and those aged 75 or over. The log of household disposable income is highly significant.
As income increases, so too does the probability of having double glazing.
Energy use models
Conditional on what appliances may exist in a household, and controlling for other household characteristics, we now explore the factors which help determine domestic electricity use, energy use and useful heat. The results of the preferred OLS regressions are presented in Table 3 . 4 The standard errors in each case are robust to heteroscedasticity.
[ Table 3 about here] The dependent variable in the first regression, "energyelec", is the estimated energy use from electricity measured in kilowatt hours. "Energyoth" measures the estimated energy use from fuels other than electricity. These fuels are coal, anthracite, gas, turf, heat oil, paraffin, liquefied petroleum gas (LPG) and wood. (We will refer to these henceforth as other fuels). This variable is also measured in kilowatt hours. The final regression looks at the amount of useful heat derived from fuels other than electricity.
We also ran a regression which estimated the amount of useful heat that can be obtained from electricity. The results were identical to those derived for "energyelec".
The pattern of results was somewhat similar for all three regressions. There was a positive Dublin effect on each of the explanatory variables. Also, as the number of people living in the household or the number of rooms in the accommodation increases, more electricity and energy from other fuels are used. The amount of useful heat generated also increases.
The year in which the accommodation was built presented some interesting findings.
Homes built before 1918 are seen to use 5.34 kWh more electricity. This may be because these homes are poorly insulated, more difficult to heat and generally more inefficient. Central heating may be absent, so that occupiers use electrical heating and power showers. Those built between 1961 and 1970, however, use less electricity.
This was also the case for accommodation built after 2000, which makes sense as newer homes are more likely to be better insulated and to own more efficient appliances. Homes built between 1981 and 1990 and between 1991 and 2000 negatively effect "energyoth". The effect on useful heat is also negative, but less pronounced.
Concerning accommodation types, converted apartments are seen to use less electricity than other types of accommodation while apartment blocks have a similar effect on fuels other than electricity. This can be explained by the fact that apartments generally have a smaller floor space than other types of houses and, thus, are easier to heat. Semi-detached/terraced houses were seen to use less of all energy types but the effect was not as strong as that of apartments.
Interestingly, those in local authority housing appear to use more energy from other fuels and the coefficient on useful heat is also positive for this group. In complete contrast to this is the behaviour of those renting privately or living in rent free accommodation.
Single parent households use 9.11 more kWh of electricity than other households while homes in which the CES is retired are slightly lower users of electricity. Their use of other fuels, however, is significantly higher. Where the CES is a student, has no formal education or a third level sub degree education, the effect on other fuel use and useful heat is positive. As the age of the CES increases, electricity use decreases but the age effect is not important for other fuels or useful heat. The income variable was found to be positive and significant, even when controlling for appliance ownership.
As the log of household disposable income increases by one unit, electricity use increases by 3.67 kWh, energy use from other fuels increases by 12.7 kWh and the amount of useful heat rises by 8.5 kWh. With increases in income, people can afford to invest in bigger and more powerful appliances; and they may use these more often.
However, they are also better able to insulate their homes and to invest in greener appliances which may explain the positive coefficient in the model on useful heat. As was the case with the logit regressions, the quarter in which respondents were interviewed sometimes proved significant. Yet, there is no discernible reason for why this is so.
With regard to electrical appliances, households with either a fridge-freezer or vacuum cleaner are seen to use between 5 and 6 kWh more electricity than households that do not have such appliances. The effect of having a tumble dryer, dishwasher or deep freezer is even stronger, at over 9 kWh extra electricity. These appliances do not have any significant effect on energy derived from other fuels.
However, owning a dishwasher does have a significant, positive effect on useful heat.
Microwaves or home computers did not show up as being significant in any of the models, probably because these appliances are not energy intensive. Fridges and washing machines, although they are energy intensive appliances, did not prove significant in any of the regressions. While the presence of double glazing does not significantly affect electricity use, its effect on energy from other fuels and useful heat is negative.
As expected, gas and LPG cookers negatively affect electricity use, while electric space and water heating methods increase it. Electrical space and water heating methods have the opposite effect on other fuels. The coefficient on "no space heating methods" is highly significant and appears somewhat inflated in each of the regressions. However, this finding is probably not robust, since this group consists of only one respondent. Finally, it is worth noting that using renewable sources of energy to heat water increases both electricity and other types of energy use. It also has a positive effect on useful heat.
Energy use models omitting appliance ownership
We found a high level of statistical and economic significance for many appliance ownership variables in the energy use regressions discussed above. This implies that if one were to model energy use without controlling for the endowment of appliances, for example explaining energy use with reference to income alone, the model would be misspecified and could lead to incorrect inferences.
To illustrate this point, Table 4 below repeats our energy use regressions without the appliance ownership variables. The omission of these variables leads to important changes; in particular, the measured effect of income on the demand for electricity and useful heat is substantially higher in the misspecified model than in the full model.
Conclusions
In this paper we investigated the determinants of domestic ownership of energy-using appliances and double glazing in Ireland by running logit regressions on a large crosssectional dataset. We also explored the factors affecting the level of energy use (under three definitions).
We included explanatory variables related to household and dwelling characteristics, most of which are statistically significant. The relationships we observe are broadly as expected.
Homes in urban areas are more likely to own energy-using appliances, but they are also more likely to have double glazing installed. Similarly, as the number of rooms in the accommodation increases, so too does the likelihood that the household will have energy-using appliances and double glazing. The opposite is the case for homes built before 1918 or for residents of either local authority or privately rented accommodation.
One-person households are less likely to own appliances, but they do not have a significantly different endowment of double glazing. The number of residents significantly affects the ownership of tumble dryers, dishwashers, deep freezers and home computers. Having children in the household positively affects the likelihood of having a tumble dryer, dishwasher and double glazing but reduces the probability of vacuum cleaner, deep freezer and home computer ownership.
Regarding the ownership of home computers, the age of the household's CES plays a very important role. Households in which the CES is middle-aged are more likely to own computers while those whose CES is under 34 or over 65 are a lot less likely to have one. Where the CES is 75 years old or over, the probability of owning most appliances is relatively low.
The social group and employment status of the CES is only significant in some instances. Similarly, the type of accommodation is only important on some occasions and no clear pattern exists as to its relationship with appliance demand. As expected, disposable income is very important and, as income increases, so too does appliance ownership and the uses of these appliances; while double glazing is also more prevalent among richer people, this does not offset the increased energy use.
Similar patterns were observed for the determinants of household electricity and energy use. Five out of the ten energy-using appliances included in our analysis proved to be statistically significant in the energy use regressions. Cooking methods also played an important role. Not surprisingly, however, the methods employed for space and water heating in a household proved to be far more important in determining domestic electricity and energy use than other household characteristics.
The results for the amount of useful heat generated in the home follow the same pattern as those for the amount of energy used.
Since 1993, the housing stock in Ireland has increased by over a third (Department of the Environment, Heritage and Local Government, 2009), and while these homes should be more energy efficient than their older counterparts, the presence of more houses increases aggregate energy demand. Also over this period, the average size of houses in square footage has increased, meaning more energy is required to heat the average home. Similarly, the demand for energy-using appliances has increased and, as a result, so has domestic electricity and energy use.
While various household characteristics and ownership of energy-using appliances are important factors in determining domestic energy demand, our findings underline the importance of having efficient cooking and, especially, space and water heating methods in the home.
Our results provide a useful indication of how household characteristics affect ownership of energy-using appliances and, conditional upon such ownership, the amount of energy used by households. However, our analysis is limited by some shortcomings in the available data. We do not know the intensity or frequency with which appliances, heating or cooking methods are employed. Energy ratings for appliances, cookers or heating systems were not available for the sample period either. 
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